fundamental roles in both embryonic skeletal development and postnatal bone homeostasis [10, 11] . Owing to this phenomenon, the Elabela/Aplnr pathway contributes to skeletal development, bone formation, and bone homeostasis (Fig. 2) . Elabela is also able to induce vasculogenesis in zebrafish embryos [12] . The migration of endothelial precursors and angioblasts to the position of the future vessels acts as a key step in the formation of the embryonic vasculature [13] . To form the first axial vessels, the angioblasts need to migrate toward the midline and coalesce underneath the notochord. Helker et al. [12] showed that Elabela/Aplnr signaling represents a ligand-receptor pair in guiding the angioblasts to the midline, and the Elabela/Aplnr signaling, therefore playing an important role during vasculogenesis in zebrafish embryos (Fig. 2) .
Elabela is also reported to regulate apoptosis in embryonic stem cells. Li et al. [14] investigate that Elabela is suppressed by p53 and its protein-coding ability is not required for its pro-apoptotic function in mouse embryonic stem cells (mESCs). They further demonstrated that Elabela acts as a regulatory RNA and binds to heterogeneous nuclear ribonucleoprotein L (hnRNPL), an inhibitory regulator of p53, to decrease the interaction between hnRNPL and p53. As a result, Elabela enhances the expression of p53 in mESCs. Therefore, p53, Elabela, and hnRNPL form a tri-element negative feedback loop in p53-mediated DNA damage-induced apoptosis. Ho et al. [15] showed that Elabela, which is abundantly produced by human embryonic stem cell (hESCs), has a dual function in maintaining the self-renewing state and poising hESCs toward the mesendoderm lineage. On one hand, Elabela activates the autocrine/ paracrine PI3K/AKT signaling to promote cell-cycle progression and optimal protein translation, and prevents cellular stress-induced apoptosis to support self-renewal of hESCs. It is noteworthy that Elabela only promotes the growth of hESCs, not other differentiated cell types such as primary human fibroblasts. On the other hand, Elabela is responsible for priming hESCs to endodermal differentiation via potentiating the TGF-β pathway. In these two processes, Elabela may function through binding to an alternative unknown receptor, since APJ is not the receptor for Elabela in undifferentiated hESCs. They also clarified that APJ is necessary to confer cellsurface binding to Elabela in mesendoderm cells [15] . This result is in line with the previous findings that the Elabela/Aplnr axis is required for endoderm differentiation and subsequent cardiogenesis and vasculogenesis. However, their findings in the hESCs stand in contrast to the previously reported function of Elabela in the mESCs, which showed that Elabela promotes DNA damage-induced apoptosis [14] . Hence, Elabela in mouse may function differently in the pre-implantation development compared with Elabela in human.
We look forward to addressing this discrepancy more in the near future.
Recently, a series of researches revealed that Elabela functions in adult cells and organisms as well. Wang et al. [16] demonstrated that the Elabela/APJ axis plays significant roles in adult mammalian system. Firstly, they clarified that Elabela results in rapid internalization of the GFP-APJ fusion protein in HEK293 cells. Secondly, Elabela suppresses cAMP production, stimulates ERK1/2 phosphorylation and weakly induces intracellular calcium mobilization in APJ-over-expressing Chinese hamster ovarian cells. Lastly, the Elabela /APJ axis is capable of inducing angiogenesis in human umbilical vascular endothelial cells and dilating mouse aortic blood vessel in a less endothelium-dependent manner, which is quite different from that of the Apelin/APJ system (endothelium-dependent) [16] .
Furthermore, Elabela is also crucial for the circulatory system and the central nervous system of adult organisms [16] [17] [18] [19] [20] . It has been reported that Elabela competes with Apelin for binding sites in adult rat cardiomyocytes, indicating that Elabela binds to APJ in the heart [17] . Moreover, Elabela is responsible for increasing cardiac contractility and inducing coronary vasodilation in adult rat [17] . These two physiological responses of Elabela are ERK-dependent, which are especially similar to those of Apelin [17] (Fig. 2) . The levels of both Elabela and APJ are enhanced in infarcted mouse hearts and correlated with left ventricular systolic function [17] . Therefore, the activation of Elabela may have beneficial and protective effects in patients with acute and chronic heart failure. Additionally, Murza et al. [18] identified a significantly smaller bioactive fragment of mature Elabela, i.e. Elabela (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) , which binds to APJ and has several biological functions similar to those of Apelin-13 and Elabela. Mature Elabela (1-32) and its active fragment Elabela (19-32) can induce strong hypotensive effects and enhance left ventricular contractility. In addition, they also stimulate urine output, which is accompanied by the decrease in urine osmolality and electrolyte excretion in adult rats [18] .
Moreover, Deng et al. [19] showed that Elabela is expressed exclusively in the kidney of adult rats compared with Apelin which is expressed at low levels. Furthermore, Elabela is capable of increasing diuresis and water intake to regulate fluid homeostasis, which is more potent than that of Apelin (Fig. 2) . In addition, the Elabela antagonist, Apela-PA, is able to inhibit the urine flow rate and water intake [19] . Hence, Apela-PA may serve as the antagonist for APJ. Furthermore, Elabela functions in the central nervous system as well. Santoso et al. [20] showed that an intracerebroventricular injection of Elabela reduces food intake via activating arginine vasopressin and corticotrophin-releasing hormone neurons in the paraventricular nucleus. Elabela therefore functions as an anorexigenic hormone in adult mouse brain (Fig. 2) . Collectively, not only can the Elabela/APJ system function in the circulatory system, but it also has important effects in the central nervous system [20] .
As we mentioned above, the Elabela/APJ axis plays a corroborative role in both embryos and adult organisms. The Elabela/APJ axis contributes to cardiogenesis, vasculogenesis, and bone formation during embryonic development. In adult organisms, the Elabela/APJ axis is endowed with potent cardioprotective and vasodilatory properties. It is also responsible for mediating fluid homeostasis and reducing food intake. All these results suggest that Elabela may serve as a potential therapeutic peptide for dysontogenesis, cardiac repair/ regeneration, blood-pressure control, and kidney diseases. Future researches should focus particularly on exploring the detailed biological functions of Elabela and comparing the unique signaling properties of Elabela with Apelin. The challenges will be to understand how these two bioactive endogenous peptides with so little sequence similarity are able to activate the same receptor. . Elabela is biologically functional in both embryos and adult organisms The Elabela/APJ axis induces cardiogenesis, vasculogenesis, and bone formation during embryonic development. Furthermore, it also enhances cardiac contractility, promotes vasodilatory effects, mediates fluid homeostasis, and reduces food intake in adult organisms.
